Background and Purpose Controversy exists whether surgical treatment is influenced by insurance status. American studies suggest higher morbidity and decreased survival in uninsured patients with colorectal cancer (CRC). It remains elusive, however, whether these findings apply to European countries with mandatory, government-driven insurance systems. We aimed to analyze whether operative techniques, quality of surgery, and complication rates differ among patients covered by statutory (SI) versus private (PI) healthcare insurance. Methods Based on a prospective national surgical quality database, patients undergoing elective resection for CRC during 2007-2015 were identified. A propensity score match of eligible patients with SI and PI yielded 765 patients per group. Results Hierarchical status of the operating surgeon differed substantially (p = 0.001): junior surgeons operated on > 50% of patients with SI, whereas over 80% of patients with PI were operated by senior surgeons. Minimally invasive techniques were used more frequently in patients with PI (p = 0.001) and patients with SI undergoing colonic resection showed an increased conversion rate (OR 2.44). Median duration of surgery (p = 0.001) and blood loss (p = 0.002) were higher in patients with SI; however, length of hospital stay was equal. Neither the rate of positive resection margins nor the number of resected lymph nodes differed among groups. Complications and mortality occurred with similar frequencies for patients undergoing colon (p = 0.140) and rectal (p = 0.335) resection. Conclusion The use of minimally invasive techniques was favored in patients with PI; however, the quality of oncological resection was not affected by insurance status and only minor differences in perioperative complications observed.
Introduction
Colorectal cancer (CRC) remains the third most common reason of cancer-related deaths worldwide and the second most common in the first-world countries [1] . Surgery constitutes the main treatment modality for CRC, if a curative treatment approach is chosen [2, 3] .
Various factors are known to influence perioperative outcomes and complications after oncological colorectal surgery, including the extent of comorbidities, the caseload of the treating hospital as well as the experience of the individual Electronic supplementary material The online version of this article (https://doi.org/10.1007/s00423-018-1716-8) contains supplementary material, which is available to authorized users.
surgeon [4] . What remains less well examined, however, is how outcomes depend on the level of healthcare insurance.
Several studies analyzing the situation in the USA, where basic healthcare insurance is not mandatory, show different outcomes depending on insurance levels. A landmark study comprising 64,304 American CRC patients demonstrated lower overall oncological survival in patients without private insurance (PI) and an increased level of comorbidities at time of the first diagnosis [5] . Uninsured patients also present with cancerous lesions more often in a late and metastasized state [6] . Importantly, survival in these studies remained worse also after adjusting for comorbidities and covariates. Consistent with the above reports, patients undergoing surgery for CRC without insurance or Medicaid-coverage only showed an increased rate of emergent admissions with more frequent perioperative complications, increased rates of in-hospital deaths, and higher postoperative morbidity [7] .
These findings seem to hold true for oncological diseases in general. It was observed that uninsured patients present more frequently with advanced disease stages, especially in cancers which are potentially recognizable through screening [8] . A recent study confirmed that uninsured patients generally present with more complex disease stages in the emergency department [9] and consequently more commonly need an emergency operation [10] . Furthermore, insurance status has also been shown to influence long-term outcomes after elective oncological surgery. A large cohort from the Nationwide Inpatient Sample database comprising patients with lung resection, esophagectomy, pancreatectomy, and gastrectomy consistently reported increased mortality rates for un-or Medicaid-insured patients [11] .
As most reports on the influence of insurance status are performed in the US healthcare system, it raises the question whether similar shortcomings exist in other parts of the world.
Many countries, including European ones, have mandatory statutory healthcare insurance (SI), covering all medical necessary care. Patients may opt for additional PI, which provides certain benefits with respect to accommodations and amenities, treatment at private hospitals, and the choice of the operating surgeon. Older reports show increased rates of nononcological operations in patients with PI like appendectomies or cholecystectomies with a concomitant higher percentage of negative pathological specimens after appendectomies [12, 13] . The influence of insurance status on outcomes for oncological surgery in Europe, however, remains elusive.
We therefore intended to examine whether patients with basic SI show impaired outcomes after oncological surgery. Our hypothesis is that patients with SI receive an oncological operation of inferior technical quality compared to patients with PI, show differences in their perioperative course, and suffer from higher perioperative morbidity. To test this hypothesis, we have queried our nation's largest surgery quality database.
Methods

Database processing
An extraction of the prospective, largest nationwide surgical quality control AQC database (Arbeitsgemeinschaft für Qualitätssicherung in der Chirurgie, Switzerland) [14, 15] was performed on the 16 th of May 2016, compromising data of 42,689 patients undergoing various surgical procedures performed between the 1 st of January 2007 and 31 st of December 2015. The database was filtered for patients with the main diagnoses CRC according to the current ICD-10-GM definitions (version 2016), yielding 5343 patients in which a malignant neoplasm of the colorectal tract was the reason for hospitalization. In a second step, patients undergoing a colonic or rectal resection for their malignant disease were selected based on the applied surgical codes [16] for partial/segmental colectomy (including hemicolectomy left/right), total colectomy, and rectal resection, resulting in 3624 eligible patients. Refer to supplementary information (Supp. Info. 1-3) for information how to assess the AQC database and the codes used for filtering.
To acquire the most representative sample of patients undergoing elective colorectal surgery for CRC, remaining patients were then sequentially filtered for procedures labeled explicitly as planned and elective (in contrast to emergent procedure or unplanned), thereby excluding 1363 patients. Successively, patients were filtered and removed if a complication of a previous surgical intervention was indicated as reason for surgery (n = 18), indication of age was missing, or age was below 18 years (n = 1), duration of surgery was missing or indicated as < 60 min (n = 36), indication of insurance class was not provided (n = 26), or ASA score was missing (n = 18). Duplicate entries were identified based on the data for age, date of surgery, ASA score, date of admission, date of discharge, length of surgery, and insurance class (n = 28) and consequently removed.
Propensity score matching
The final sample of 2134 patients, consisting of 1369 patients with SI and 765 patients with PI, was then used to perform a 1:1 propensity score match for patients with SI versus patients with PI based on age, ASA score, gender, and the location of the primary tumor (colon, sigmoid, or rectum). This matched 765 patients with SI with the 765 patients with additional PI and represented the final database used for the analyses (Fig. 1 , Supp. Info. 5).
Endpoints
Due to considerable differences in the surgical procedure, patients undergoing colonic resection and patients undergoing rectal resection were separately analyzed. Patients with PI and SI in both groups were analyzed for differences in the level of experience of the operating surgeon, use of minimally invasive surgical (MIS) techniques, rate of conversions from MIS to an open surgical approach, frequencies of stoma formation, blood loss, duration of surgery, and length of hospital stay. Rate of incomplete (R1/ R2) resections as well as number of resected and invaded lymph nodes served as surrogate parameter of the quality of oncological resection. Morbidity and mortality were examined via frequencies and severity of recorded complications.
Statistical analyses
Continuous data are given as median ± interquartile range (IQR). Wilcoxon's rank sum test or Fisher's exact test was used to compare medians, resp. odds in the baseline groups. Statistical significance was defined as p < 0.05. No adjustment for multiple testing was performed when assessing rates of complications. All database processing, statistical analyses, propensity score matching, and graphical representations were done using R (version 3.4.3)/R-Studio (version 0.99.903) (session information, Supp. Info. 10).
Results
Patient characteristics
After propensity score matching, pre-existing differences in the distribution of gender, ASA score, location of primary tumor, and histological grade were equalized, resulting in an even distribution of gender, comparable median age, and ASA 
Surgical and hospitalization parameters
With respect to the level of seniority of the operating surgeon, a clear difference was observed between patients with SI and patients with PI undergoing colon (p ≤ 0.001) as well as rectal resection (p ≤ 0.001). Junior or senior attending surgeons operated on > 50% of patients with SI, whereas over 80% of patients with PI were operated by either a chief surgeon or a non-house surgeon in private practice. Residents were listed as operating surgeon in 11.5% of patients with SI undergoing colonic resection, while rates of residents were negligible in SI patients undergoing rectal resection or operations of both kinds in PI patients ( Fig. 2a (Fig. 2b) . While an elevated conversion rate of 30.7% among patients with SI versus 15.3% in patients with PI undergoing colon resection was observed (OR 2.44 [1.34-4.51], p = 0.002), no major difference was detected in patients undergoing rectal resection (Table 2 ). Diverting loop ileostomies or colostomies was performed with equal frequencies regardless of insurance status for both operations (Table 2, Supp. Info 4).
A difference was noted regarding the duration of surgery, with an average of 28 and 20 min longer median operative time for patients with SI undergoing colon and rectum resection respectively (Fig. 2c) . Similarly, patients with SI had a higher median amount of surgeon-recorded blood loss for both types of resection (Fig. 2d) . No difference in the length of hospital stay was observed for both colon and rectal resections (Fig. 2e) .
Parameters of oncological resection
Positive resection margins were found in 3.8% in SI and 4.3% in PI patients undergoing colon resection and 3.9% and 4.3% of rectal resections respectively (Table 2) . Similarly, no difference was detected when R1 and R2 resections were analyzed separately. Furthermore, neither the number of resected lymph nodes nor the number of lymph nodes testing positive for adenocarcinoma during histological analyses showed major differences among groups (Table 2) .
Complication rates
The grades of severity of intraoperative complications did not differ between patients with SI and PI for neither colon nor rectal resections (Table 3 , Supp. Info. 7). No difference in the low recorded rates of individual intraoperative complication rates was observed (Supp. Info. 8).
Similarly, the overall occurrence of postoperative complications was similar for both operations among patients with SI and PI (Table 3) . Furthermore, the severity of postoperative complications as assessed using the Clavien-Dindo score [17, 18] did not differ significantly for colon resections (p = 0.140, Table 3 ) and was also equal for patients undergoing rectal resection (p = 0.335, Table 3 ). A fatal complication was recorded in three patients with SI and two with PI. Considering specific postoperative complications, higher rates of pneumonia as well as wound healing disorders were recorded in patients with SI undergoing a colon resection compared to their matched PI counterparts (Table 3) , while all other complications recorded, including surgery-related (anastomotic failure, wound infection/abscess, fascia dehiscence, seroma/hematoma, Table 3 ), cardiovascular, pulmonary, gastrointestinal, urogenital, and infectious, showed 
Discussion
Inequalities in the quality of health care among patients with different racial, social, or economic backgrounds should be absent in an ideal healthcare system. However, several studies analyzing the influence of insurance status on surgical outcomes in the USA have shown worse short-term and long-term outcomes IQR interquartile range, NA data not available Fig. 2 Surgical parameters of patients with private insurance (PI) and statutory insurance (SI). a A clear difference in the level of expertise of the operating surgeon was observed between patients with PI and SI (p ≤ 0.001) for both resection types. b Patients with PI were operated more frequently using minimally invasive techniques. Patients with SI undergoing a colon resection also suffered of a twice as high conversion rate as patients with PI (OR 2.44, p = 0.002). c Patients with SI had increased median operation times (c) as well as increased recorded blood loss (d) compared to patients with PI. e However, despite increased blood loss, longer operating times and more frequent open surgeries, the overall length of hospital stay was equal among the two groups for both colon and rectal resections Grade IV 2 (5.6%) 1 (2.9%) 6 (6.7%) 6 (7.5%)
Rates of specific postoperative complications for uninsured or Medicaid-insured patients with CRC [7, 19, 20] . A recent study in JAMA oncology confirmed these observations, showing that recent improvements in survival were almost exclusively limited to patients with private or Medicare Insurance, while survival of uninsured or Medicaid-insured patients stagnated or even declined [21] . Those findings are concerning, given that approximatively 15% of adults in the US are uninsured, with clear differences according to racial background and level of education, leaving minorities and less educated people with a higher risk of surgical complications and cancer-related death [20] . However, it remains elusive whether similar observations may be made in European countries with mandatory government health insurance. The present study was meant to test whether parameters of surgery, hospitalization, and treatment related morbidity differ between patients covered by statutory basic insurance versus patients with additional PI in a European healthcare system. We applied a rigorous filtering algorithm to a large surgery quality control database and performed a consequent propensity score matching to acquire a meaningful and homogenous cohort of patients with basic SI and additional PI undergoing surgical resection of colon or rectal cancer.
In a first step, the level of the operating surgeon was analyzed. As a hallmark of PI is that patients can choose the operating surgeon, it is not surprising that a clear shift towards surgeons with higher levels of experience was observed. The majority of PI patients was operated by surgeons in private practice, which reflects the fact that patients with PI can resort to private hospitals with a higher level of amenities, which are not accessible to patients with basic statutory insurance only.
We furthermore observed that patients with PI were operated more frequently using minimally invasive techniques. This is in accordance with reports from the US healthcare system, which observed that uninsured patients are more likely to be operated with conventional open surgical techniques in contrast to patients with PI, which are operated more frequently using laparoscopy [22] . This might reflect the increased level of expertise of the operating surgeons, while additionally operations on private patients are normally not taught to junior staff or residents. Lastly, patients with PI have the possibility to choose the hospital of their choice, including private hospitals, which might have better infrastructure, e.g., more advanced equipment or systems for robotic surgery. Patients with statutory insurance are normally limited to receive treatment in the public hospital they were referred to.
The higher level of experience of operating surgeons is probably also reflected in shorter operation times as well as the lower reported blood loss of privately insured patients. Interestingly, despite higher blood loss, less experienced surgeons, longer operating times, and more frequent open surgical approaches, no increase in the average length of hospital stay was observed in patients with SI.
Additionally, the oncological quality of resection was not affected in our patient sample, as judged by the rate of R1 and R2 resections and the amount of retrieved and invaded lymph nodes. While shorter operation times and laparoscopic approaches might reduce the occurrence of certain perioperative complications and provide added patient comfort, the main goal of achieving radical oncologic resections was achieved to the same degree regardless of insurance status. Interestingly, no difference was observed in either the overall complication rate, grades of severity of intra-and postoperative complications, or in the majority of rates of individual complications recorded in the database, including rates of surgery-specific complications like anastomotic leakage. Only the rate of pneumonias and wound healing disorders were higher in patients with SI. This might reflect the increased rate of open surgical approaches with impaired postoperative pulmonary function or might be a sequalae of longer operation times. While patients with SI were operated more frequently by surgeons of lower hierarchical status, no correlation between the rates and severity of complications and the level of expertise of the operating surgeon was observed. This pleasant finding underlines the high quality of peri-and postoperative care for patients in Europe independent of insurance state and surgeons' training.
While our study allows to draw conclusions on eventual differences in short-term outcomes between patients with SI and PI, it also has several limitations: First, entry of data into the database is voluntary and therefore prone to bias due to the selection of hospitals which enter their data. A second potential bias could occur if patients with bad perioperative outcome are not entered in the database despite total anonymity. This would explain the overall low rates of complications recorded in the database. This could further be complicated if data entry is performed through time-limited hospital staff, i.e., residents and junior surgeons, which are inadequately trained for this purpose. The applied propensity score matching algorithm can account for observed differences; however, potential biases through unknown underlying factors might still be present while the omittance of patients might lead to a loss of power. Lastly, as the AQC database only collects and provides perioperative data of the hospitalization, no conclusion about long-term complications and oncological outcomes (i.e., cancer-specific survival or disease-free survival) can be drawn. Confirmation regarding similar oncological long-term outcomes among patients with SI and PI is therefore necessary. In summary, our data of a large population-based cohort of CRC patients receiving surgical resection in a European healthcare system show that the use of minimally invasive techniques was favored in patients with PI. Similarly, differences in blood loss and length of surgery likely reflect the higher levels of training in surgeons operating on patients with PI coverage. However, the quality of the oncological resection was not affected and only minor differences in postoperative complication rates observed.
Conclusion
Insurance status does not affect perioperative outcomes in European patients with CRC in a significant manner, and shortterm oncological outcomes can be considered equal.
